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Tension Space Analysis for Emergent Narrative
Ben Kybartas, Clark Verbrugge, and Jonathan Lessard
Abstract—Emergent narratives provide a unique and com-
pelling approach to interactive storytelling through simulation,
and have applications in games, narrative generation, and virtual
agents. However the inherent complexity of simulation makes
understanding the expressive potential of emergent narratives
difficult, particularly at the design phase of development. In this
paper, we present a novel approach to emergent narrative using
the narratological theory of possible worlds and demonstrate how
the design of works in such a system can be understood through
a formal means of analysis inspired by expressive range analysis.
Lastly, we propose a novel way through which content may be
authored for the emergent narrative system using a sketch-based
interface.
Index Terms—Interactive Narrative, Interactive Storytelling,
Emergent Narrative, Character Modelling, Conflict Modelling
I. INTRODUCTION
EMERGENT narratives (EN), an approach to narrativein which stories are created through a simulation of
characters in a virtual storyworld, drive some of the most
interesting interactive storytelling works available today, from
academic experiments [1], [2] and independent games [3], [4]
to successful commercial franchises [5], [6]. Such works make
less use of typical models of narrative, instead relying on
the emergence of complex, narratively compelling sequences
of character behaviour that occur over the duration of the
simulation, typically in response to interaction from a human
interactor. As proposed by Ryan, emergent narratives create
a form of “nonfiction”, in the sense that these interesting
events actually occurred through the natural progression of
the simulation, rather than being authored or explicitly gen-
erated [7]. Eladhari further states that the ability to discover
event sequences worth re-telling is a crucial measure of the
success of an EN work [8].
Nonetheless the creation of works in EN is challenging
quite simply through its complexity, both in the systems that
drive the simulation, and the content which the system is
provided. Essentially, an EN work must be provided with a
large body of content, which controls the behaviour of the
systems underneath. Both have a large impact on the type of
stories and events which can be produced. Systemically, EN
works often rely on a large number of interacting complex
systems, and these interactions grow combinatorially for each
new system. The content of an EN work typically embeds
the work within a context, either a genre of narrative or
storyworld that is “narratively pregnant” with a number of
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possible stories [9]. The problem, however, is that the impact
that content will have upon the range of possible stories is not
clearly defined, hindering the ability to author for particular
outcomes.
In EN works, the systems and content are often developed
separately, particularly when separate individuals or teams
are responsible for each. We argue, however, that given the
complexity of EN, any meaningful form of authorship must
also embed an understanding of the narrative potential of each
piece of content within the greater system. Tools for smart
authorship and analysis of interactive storytelling work have
been explored in academic works, often focused on the eval-
uation of existing authored content [10], or through analyzing
the choices made by interactors in a complete EN work [1].
Such approaches are extremely valuable, and we argue that
this knowledge could be taken further, and essentially allow
the creation of content through its intent in the EN work. This
approach is echoed in a number of declarative modelling [11]
and mixed-initiative design tools [12], [13]. Nonetheless, a
number of limitations bottleneck the widespread usage of such
design tools, such as their limited availability and lack of tools
for narrative content analysis [14], and supports the view that
developing authoring tools should also be embedded with tools
for content analysis.
In this paper we focus on the development of techniques for
analysis and content authorship for a novel EN system, based
upon the narratological theory of possible worlds. A proof-of-
concept version of the system was previously described and
used in a released EN work [15], [16]. Here, we formalize the
model and properties of the system at a foundational level.
We further present a procedure for analyzing the content of
the EN system using techniques similar to those of expressive
range analysis. This technique was previously explored at
a theoretical level [17], but is here formalized and further
realized in the form of an authoring tool. Lastly, we propose
a novel technique for content authorship, in which the same
techniques used for the analysis of EN works can be used
to author content through the use of a sketch-based interface,
which is also realized in the form of an authoring tool.
Formally, the four main contributions of this paper are as
follows:
• A formal model and implementation of a character-
focused emergent narrative grounded in the narratological
theory of possible worlds.
• A set of metrics for analyzing both the content and traces
of a given EN work, utilizing a novel approach based
upon expressive range analysis.
• A conceptual sketch-based approach to authoring content
for EN works.
• A proof-of-concept authoring tool capable of authoring
content, performing analysis, and sketch-based authoring.c©2020 IEEE
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As a note on terminology, in this paper we use EN system, to
refer to the systemic side of the emergent narrative. When we
refer to content, we refer specifically to content which actively
affects the behaviour of the system, ignoring for example 3D
models and textures. We use EN work to refer to a final product
made within the EN system. We adopt the term interactor
to describe a human participant. We use trace to refer to a
particular sequence of a given simulation.
II. BACKGROUND
In this section we briefly present background work on
possible worlds theory, upon which the system is based, and
on expressive range analysis. Though non-exhaustive, the core
theories are presented to help understand the remainder of the
paper.
A. Possible Worlds Theory
The possible worlds theory arose from discussions of the
nature of truth and believability in fiction, and is centered
around the concept that a fictional narrative occurs in a
fictional world, that can be treated as a possible world (PW)
that exists alongside our actual world [18]. The PW differs
from the real world in both its facts and internal workings,
and when reading a reader will “recenter” and align their
perspective with the world of the narrative, filling in missing
information with their understanding of the real world [19].
This allows, for example, a reader to accept a world with
fantastical elements such as magic, while still expecting the
world to obey certain natural laws.
In this article, we concern ourselves principally with work
by Ryan [20], who applied PWs theory to characters. Ryan
treats a narrative as a large model structure comprising of a
number of PWs, at the center of which is the “actual” PW of
the narrative. The remaining PWs define the characters, where
specific PWs define a specific component of the character,
such as their knowledge, obligations, intents and wishes. The
knowledge world represents what the character believes to be
true about the actual PW, and can even be extended to contain
an entire sub-structure of the narrative (containing what the
character believes the other characters believe and so forth).
Obligation and wish-worlds, are treated as ideals, in that each
represents a possible state that of the actual world that the
character wants to be true, or feels obliged to be true. Ryan
proposes that all actions the characters take in a narrative,
are done to attempt to shift the state of the actual world so
that it matches all of their obligation and wish-worlds, with
plans being stored in intent PWs. Since these different ideals
conflict, either internally within a character or interpersonally
between characters, the actual PW can never match every one
of the ideals, and the discovery and resolution of these conflicts
forms the driving force of the narrative.
Ryan’s model is a compelling candidate to explore for EN
in that it presents a model of narrative and character that is
not focused on the actual plot, but rather represents a potential
for a number of possible plots. Its narratological focus is also
an interesting alternative to the psychological or sociological
models of character more commonly found in EN works [1],
[6], [21]. Further, its subjective model of characters, with
varying ideals and knowledge, supports the development of
a number of rich narrative features, as outlined by a number
of different authors [22], [23], [24].
B. Expressive Range Analysis
Expressive range analysis (ERA), was introduced by Smith
and Whitehead and has its origins in the field of generative
systems and procedural content generation [25]. In this field,
ERA consists of defining metrics according to which generated
content can be evaluated, and then plotting the evaluation of
a number of generated examples using a heatmap. This gives
a sense of what “range” of possibilities are possible given
the current set up of the generator. This can then be used
to fine-tune the parameters of the generative methods, or to
experiment with different content.
Since in this paper we look at authorship at the founda-
tional level, and further are more interested in the presence
of narrative properties and system behaviour as opposed to
qualitative analysis, ERA is a good fit for analysis [17]. The
simple visualization and ability to compare ranges dynamically
as content is changed make it a useful addition for content
creation tools.
Defining the EN system as a generative method or content
generator is slightly more challenging. While it makes sense
to treat the EN as a narrative generator, what comprises a
“good” narrative in an EN work is often significantly unclear,
and further may vary according to the intent of the author
for the work. We opt instead to treat the EN as a conflict
generator, since conflicts are clearly defined in Ryan’s PW
work, are clearly acknowledged as a foundational component
to narrative, and further have been formalized and explored in
interactive storytelling research [26], [27]. This can be thought
of theoretically as a formal means of evaluating the “narrative
pregnancy” [9] of a space according to conflict, focused more
on the ways narrative properties will occur independent of any
evaluation of the the resulting narratives.
III. RELATED WORK
The field of interactive storytelling (IS) in which EN is
based is large and diverse [28], and many key works lie outside
the scope of this paper. As such, in this section we focus
specifically on several specific fields and works in IS and the
broader research community that are closely related to this
work, namely in emergent narratives, character modelling for
IS, and formal analysis for authoring tools.
A. Emergent Narrative
The term emergent narrative, in the context of the IS com-
munity, is often linked back to an early work by Aylett [29].
In this work, Aylett presents the well known challenge in
IS of maintaining an author’s narrative intent while still
allowing an interactor to meaningfully impact the narrative,
proposing that this intent instead be embedded within the
models of characters used in a simulated world. Aylett further
makes connections between emergent narrative, theatre and
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improvisation, which remains an area of interest for interactive
storytelling practitioners [30], [31]. Aylett et al.’s later well
known FearNot! project [2], is an emergent narrative geared
towards children’s education regarding bullying. It involves
the simulation of a number of characters, most importantly a
“bully” and “victim” character, with children adopting the role
of the victim character and being able to explore a number
of coping mechanisms to the bully’s harassment. We adopt
Aylett’s description of emergent narrative when we refer to
our own system, however our system differs from FearNot!
in that we focus on a multiplicity of ways conflict may occur
based upon Ryan’s possible worlds theory.
Both McCoy et al. [1] and Evans and Short [21] explored
the creation of EN works through highly complex and detailed
social models. For McCoy et al., their EN work Prom Week
was realized through an elaborate model of social interaction,
melding deep character models with models of normative and
cultural behaviour. In Evans and Short’s Versu system, a model
of social practices created a set of rules and actions which
limited character behaviour, that was still driven by a set of
character desires and beliefs. Both systems had rich character
behaviours, but involved a significant amount of authorship,
as well as more practical concerns such as how to convey
character’s decision making processes. Both systems involve
a significantly more detailed social simulation than the system
we present here, but both systems noted high difficulty with
authorship, and addressing these concerns is one of the goals
of our research.
Our system does not make use of psychological or sociolog-
ical models for character, instead opting for a narratological
approach that is arguably founded upon character values as
realized through a set of ideals. Szilas’ Nothing for Dinner [32]
and its underlying IDTension system [33] explicitly defines
its characters according to a set of values, and the work is
focused on the conflicts created from the overall system of
values. Szilas’ approach to creating tension is similar to our
own, however we use a different model of values, where Szilas
treats values as something that may or may not hinder the
separate goals of a character, we treat values as the goals of
the character.
B. Character Modelling
As with our own system, a number of academic works
have explored the modelling of modal and epistemic properties
of a characters. Both Thorne and Young [34] and Shirvani
et. al. [35] have explored the impact of beliefs, particularly
false beliefs, in the context of planning for plot generation.
With varying and potentially incorrect beliefs, the planner is
able to represent forms of character surprise, manipulation
and deception. Thespian, a multi-agent interactive narrative
uses the “‘theory of mind” approach to character modelling,
where characters similarly reason about each others beliefs,
and personality is modelled in how each character weights
their respective goals [36]. Interestingly, characters may auto-
matically be fit by extracting goals and beliefs from a manually
authored linear “scripts” of the desired behaviour of each
character. Work from Alfonso et al. also uses a theory of mind
approach, but extends their work to incorporate reasoning
over the potential emotions and emotional behaviours of other
agents in the system [37]. Similarly, Mirage is an interactive
narrative architecture where characters are provided emotional
and belief models, but can further make similar make such
inferences about the human user who is interacting in the
work [38]. At present, our system does not have character’s
reasoning about other character’s internal mental model, how-
ever in each of these works, like our own, narrative effects are
achieved by having explicit subjective worldviews for each
character, that allow for narrative effects.
While not specifically IS focused, Eger and Martens [39]
present a character knowledge model based upon modal logic
and Baltag’s action language, specifically exploring belief
manipulation as a mechanic in social deduction games. Finally
in work from Robertson and Young [40] and Swartjes et
al. [30], the knowledge of the player is also tracked, allowing
essentially “behind the scenes” manipulation of the game
world to allow characters to create dramatic effects or mediate
player actions that deviate from the intended story. These
approaches are based on having a belief about the state of
the real world which may true or false, which is handy for
creating a number of interesting narratives, and currently exists
in our system although extending the analysis we provide in
this paper to elements of belief is ongoing work.
Our work, while modelling elements of belief and knowl-
edge, instead treats the representation and interaction of char-
acter worldviews as the core of the EN system. Models of
character worldviews have been used in the Chimeria [41],
and GRIOT [42] systems from Harrell and colleagues, and also
in Sgouros’ work on modelling quantum mechanics in narra-
tive [24]. In each case characters have a subjective worldview
or valuation that manipulates how they perceive and evalu-
ate the world, in particular how these could model cultural
beliefs or identities. Lessard and Arsenault, not approaching
the modelling of worldviews directly, nonetheless outline a
philosophy for interactive storytelling in which characters are
treated as a “subjective interface” to the underlying model,
able to warp and modify facts according to internal desires
possibly unknown to the interactor or other characters [22].
Harrell similarly outlines approaches to narrative works which
intend to expose or explore underlying subjective worldviews
as one of their artistic intents [23]. Our system exists in a
similar vein to these works, though structurally different, in
that worldviews are considered the main drive of narrative and
further that the subjectivity of the worldview is an important
driver for interesting character behaviours and storytelling.
Structurally, our system holds several similarities with the
belief-desire-intention (BDI) model, common in multi-agent
systems, which has been explored for its ability to be used
for character models in IS [43], [44]. BDI was cited as
an inspiration in Ryan’s work, and the different types of
worlds in the model (Eg. knowledge, wish, etc.) definitely
have theoretical overlap with the BDI model, though explicitly
applied to the types of dramatic characters since in narratives.
Berov, in particular, has also explicitly cited Ryan’s work
as the inspiration for a theoretical BDI framework which
also includes emotion and personality [44]. Although similar,
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our system does not model explicit intents, opting instead
for selecting actions based on their immediate impact, more
similar to the utility-based AI approach taken in McCoy et
al.’s Prom Week [1].
C. Formal Metrics and Authoring Tools
Explorations of metric analysis techniques for IS works are
typically geared to evaluating or discovering certain narrative
properties within the work, independently from the qualitative
evaluations that are typically performed through user stud-
ies. Though some research has aimed to quantify qualitative
properties [45], most focus on the formalization and detection
and/or quantification of certain narrative properties such as sur-
prise [46], the aforementioned tension [47], and conflict [26].
Notably, work from Partlan et. al utilized expressive range
analysis to analyze strucutural properties of interactive, graph-
based narratives [48]. In the same work which presented
the possible worlds model, Ryan also introduced the concept
of “tellability” [49], which aims to express the degree to
which a narrative is interesting to “tell” to someone else, and
emphasizes that the possible narratives that could occur are
equally as important to making interesting narratives. Berov
explores a formalization of this metric, applied to a BDI model
of characters [50].
Analysis techniques may also be used for debugging or
refinement of IS works. Garbe et al. developed a technique
for evaluating the authored content in their work Ice-Bound,
by exhaustively checking all possible combinations of input
to discover problems and detect regions which need further
authoring [10]. Si et al. also designed an authoring tool for
creating characters within the Thespian system, in which the
author defines constraints on the desired character behaviour
and goals, and the system then simulates a number of possible
traces of the system, detecting any behaviour which deviates
from the authorial intent [51].
In this paper we are interested in how this type of un-
derstanding can be extended to allow for the declarative
authoring of characters for EN works. Declarative modelling
describes an approach to authorship in which the author
declares their intended desires for a piece of content at a
level that is more abstract than the actual content which is
required by the system, which are then realized into a piece of
content through generative methods, allowing for fast content
creation while respecting authorial intent [11]. This approach
has been applied in various areas, such as using sketching
tools to create virtual cities and terrains [11] or video game
levels [12]. Similarly, Compton and Mateas’ “casual creators”,
use declarative methods to make authoring accessible to non-
experts, and approach content creation from a playful and
exploratory angle [13].
IV. THE FOUNDATIONAL MODEL
In this section we present the formalism, metrics and
functionality of the foundation of our EN system. We use the
term “foundational” to indicate that the system described here
forms the core of the EN system that is fully functional, and
can support any additional systems built on top of it (dialogue,
emotion, memory, etc.). Although here we focus solely on
definition, a working example of this model will provided and
analyzed in Section V.
A. Formalism
The narrative system is defined as the tuple N =
〈P, T, wa, C,A, r〉, where P is a set of propositions, T is a
set of themes, wa is the actual world, C is a set of characters,
A is a set of actions, and r is a set containing both a non-
zero positive integer range of truth values and a “don’t care”
value, ⊥.
A proposition may be thought of as a fact which can
evaluate to any one of the integer range values in a given
world. For example, in a basic true/false range (r = [0, 1]) a
proposition may be “it is raining” which can either be true or
false, whereas for a large range a proposition might be “rain
intensity” which is graded according to the values in r.
A theme is a label that defines a perspective according to
which characters will have an ideal world. In Ryan’s work,
there are two types of worlds which represent ideals, wishes
and obligations. Here we adopt a more specific labelling, so a
theme may be something like politics for a political wish world
or family for a family obligation world. The ambiguous term
“theme” was chosen both to avoid any restrictive classification,
and since theme often refers to the driving force or underlying
substance of a narrative work, which can be said as true for
the system as presented.
The main content of the system is worlds, in that even
characters are in essence a collection of different worlds. A
world is a set of truth values, V , in the range of r, with
one truth value for each proposition in P . We currently define
two different types of worlds, an ideal world representing the
desirable state of the world and an epistemic world which
relates to either the actual state of, or a belief of the actual
state of, the storyworld. Both types of worlds are structurally
the same, except that an actual world is restricted from using
the “don’t care” (⊥) value, since it is necessary for each
proposition to have a truth value. A world is, in essence an
assignment of truth values to each one of the propositions.
So, for example, if we have the proposition “it is raining”,
an actual world will assign whether this proposition is true
or false according to the weather, whereas an idealized world
will state whether the character wishes this proposition to be
true or false, or does not care either way.
The actual world, wa, represents the true state of the world
inhabited by the characters in the narrative system. The actual
world is both what is perceived by each character and what is
influenced through their actions.
A character, c, is defined with the following tuple c =
〈wp,Wv, Ac〉, where wp is the character’s perceived actual
world, Wv is a set of worldviews and Ac is the subset of
actions A available to the character. The perceived actual
world is an epistemic world that represents what a character
believes to be the state of the actual world, which allows
characters to hold false beliefs regarding the state of the actual
world. A worldview is an ideal world which is assigned to
one of the available themes. In the system, each character
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must have one ideal world for each theme. Generally, a
character’s worldview is treated as fixed and their ideals do
not change throughout the work. As will be explained further
in Section IV-B, fixing the worldviews allows a consistent level
of conflict in the narrative, although it is also fairly trivial to
extend the system if shifting worldviews are required. The set
of actions is a subset of the actions A that are defined in
N , and is the set of actions that a character may take in the
system. A character’s ability to affect the actual world, and
therefore reach their ideals, is limited by the set of actions
available to them.
An action, a, is defined by the following tuple a =
〈wc, we〉, where wδ is an epistemic world describing the
action’s precondition, and we is an epistemic world describing
the action’s postcondition, or effect on the world. A precondi-
tion is a world where each value must match the value of the
actual world in order for the action to be taken successfully,
with the “don’t care” operator being used when the action
does not depend on the truth value of a specific proposition.
The postcondition is a world which defines the new truth
values of the actual world after the action is taken. For a
postcondition, the “don’t care” operator means the truth value
of that particular proposition is not affected by the action.
B. Properties
Given the model of the system, we now define the properties
which guide how characters behave and interpret the world. In
this paper, we adopt the definitions of conflict and tension from
Ware et al. [26] and Szilas [47]. Conflict, only occurs during
the functioning of the system, and occurs at points where the
intent of a character is challenged and possibly subverted by
events in the story. Tension, is the potential for conflicts to
occur and can be evaluated before any narrative is actually
generated. Ware et al. and Szilas’ character models both have
defined intents, but in our system, we focus specifically on
Ryan’s proposal that character’s want all their worldviews to
align with the actual world, which we call the overarching
goal of each character.
It is, however, generally impossible for any of the characters
to reach this goal. Since each character must satisfy all their
ideal worlds, if there are any differences between the truth
values of ideal worlds, then no possible state of the actual
world could match both worlds at once. We treat this as
tension, since it is precisely at these points that conflict may
occur. In our model, calculating the tension between two
worlds is handled by taking the distance between the truth
values of two worlds, ignoring “don’t care” values. This is,
in essence, the Manhattan distance between two worlds. To
formally define distance, we first define the distance for any
two truth values, v1 and v2 as follows:
dist(v1, v2) =
{
0 if v1 = ⊥ ∨ v2 = ⊥
|v1 − v2| otherwise
(1)
From this, we derive our distance between worlds w1 and
w2, as the summation of the distances between each pair of
truth values:
Distance(w1, w2) =
|P |∑
i=0
dist(w1.vi, w2.vi) (2)
Most of our metrics will be based upon this distance
function. From this function, it is clear that any case where
the distance is zero means the two worlds must either match,
or only differ in cases where one value is a “don’t care”. This
property allows us to formalize our concept of the overarching
goal, and state that a character’s goal is that the total distance
between each worldview and the actual world is zero. Since
the distance gives a measure of how “far” worlds are from
one another, we define the goal tension as the sum of the
distances of each worldview to the actual world:
Tensiong(c) =
|Wv|∑
i=0
Distance(c.wvi , wa) (3)
We can additionally define a secondary subjective goal
tension, which is what the character believes their goal tension
to be, by instead comparing with the character’s perceived
actual world:
Tensiongs(c) =
|Wv|∑
i=0
Distance(c.wvi , c.wp) (4)
We identify two further forms of tension which exist within
the system, which are the tensions which exist between world-
views, defined as the personal tension when referring to two
worldviews of a single character, and interpersonal tension
when referring to the worldviews of two differing characters.
Formally, we first define the personal tension for a character
c and their two worldviews c.wv1 and c.wv2 as follows:
Tensionp(c.wv1 , c.wv2) = Distance(c.wv1 , c.wv2) (5)
and similarly for interpersonal tension with characters c1
and c2 and worldviews c1.wv and c2.wv:
Tensioni(c1.wv, c2.wv) = Distance(c1.wv, c2.wv) (6)
Goal tension and interpersonal/internal tensions are both
different in how they are understood by the system. The goal
tension is dynamic, and can change with each action taken
during simulation, whereas the worldview tensions are static,
since the foundational system assumes fixed worldviews. The
worldview tensions are thus the most important to consider
when authoring, as it is here that the author defines the tensions
that can eventually lead to conflict. The goal tension is a
slightly different form of tension, measuring the tension felt by
the distance of the character to their overarching goal, where
the potential for conflict here may occur due to any changes
to the actual world that move the character further from this
goal.
There are also a number of base properties which can be
extracted from the foundational model that are not included
here, as they do not factor into the base functioning of
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the system, but include measures such as the correctness
of an epistemic world (distance to the actual world), total
tension (sum of all worldview tensions), normalized tension
(percentage of total possible tension given size of the world),
etc. Each of these has uses in possible extensions to the system.
Algorithm 1 Base Functionality
1: function STEP(Narrative N )
2: for each c ∈ N.C do
3: ac ← Act(c)
4: if ¬ac = null and Distance(ac, N.wa) = 0 then
5: N.wa ← Apply(ac.wǫ, N.wa)
6: for each c ∈ N.C do
7: c.wp ←Apply(ac.wǫ, c.wp)
Algorithm 2 Character action selection process
1: function ACT(Character c)
2: score ← List of scores, defaulted to -1
3: for i← 1 to |c.Ac| do
4: if Distance(c.Ac[i], c.wp) = 0 then
5: score[i]← Tensiongs(c)− Predict(c, c.Ac[i])
6: if max(score) >= 0 then return c.Ac[max(score)]
7: else return null
Algorithm 3 Predict action change in subj. global tension
1: function PREDICT(Character c, Action a)
2: wpred ← Apply(a.wǫ, c.wp)
3: tension← 0
4: for each wv ∈ c.Wv do
5: tension← tension+ Distances(c, wv, wpred)
6: return tension
Algorithm 4 Apply Postcondition to World
1: function APPLY(Effect wǫ, World w)
2: wn ← w
3: for i← 1 to |wn.V | do
4: if ¬wǫ.V [i] = ⊥ then
5: wn.V [i]← wǫ.V [i]
6: return wn
C. Functionality
Considering finally the most foundational functioning of the
system, we want a situation in which each character searches
through their actions and greedily selects the action which
most reduces their goal tension. This is a simple, generally
deterministic approach to the system, which is likely to be
unsuited to any significant EN work but nonetheless provides
full functionality. In a full EN work, authors would likely
wish to include other features into action selection, such as
memory, character relations, etc. We wish to avoid, however,
making any assumptions about which features might be built
upon the foundational model provided here, although adding
such features can easily be implemented as part of the scoring
function shown in Algorithm 5. Furthermore, this functionality
is not used within the analysis we provide in this paper,
however as we will discuss in Section VII the functionality
is useful in generating potential traces of the system that may
be analyzed using techniques described in this paper. In this
functioning, the simulation occurs in a number of steps, in
which we iterate through all characters in the narrative and
get them to select a valid (ie. preconditions met) action that
best reduces the character’s subjective goal tension. Each valid
selected action is applied both to the actual world and each
character’s perceived actual world. The pseudocode for the
step functionality is shown in Algorithm 1, the action selection
pseudocode shown in Algorithm 2, and the apply functionality
shown in Algorithm 4.
During each step, each character iterates through all their
valid actions and predicts what they believe the actual world
will be like after that action. The “score” of an action is a
measure of the change in goal tension between the predicted
and current world. The prediction pseudocode is shown in Al-
gorithm 3 and essentially performs the goal tension calculation
but on the predicted world. Note that the precondition checking
for algorithms is determined subjectively by checking that the
distance between the action and the perceived actual world
is zero. This allows characters to select actions which are
invalid in the actual world due to incorrect belief, hence we
need to check the actual distance when taking the action,
failing the action if necessary. Characters may likewise select
an action which is not actually ideal due to this same false
belief, but characters will learn the actual truth values if they
are influenced by an action, meaning that over time characters
will progressively learn more and more of the true state of the
actual world.
V. TENSION SPACE AND MOVEMENT ANALYSIS
In this section we define our analysis approach for the EN
system and evaluate its ability to discover the presence of
design decisions in the EN work Subject and Subjectivity [16]
(S&S). All the subsequent work both this section and Sec-
tion VI were performed using an authorship tool that fully
implements the base system presented in Section IV, as well
as the analysis and sketch tools defined in the remainder of
this paper. The authorship tool was implemented in C# in the
Unity game engine. It is implemented as an extension to the
Unity editor, allowing its use during the design phase of an
EN work.
A. Tension Space and Movement
The goals for our analysis is twofold. First, we want a
measure and means to visualize tension, the potential for
conflict in the model. Second, we wish to analyze how the
actions do or do not realize these different conflicts. For ease
of reference we refer to the inverse of a conflict as a harmony.
Considering first the tension analysis, we previously men-
tioned that it is at the proposition where truth values differ
in worldviews where tension is created, and further that for
any given state of the actual world, the distance between a
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Fig. 1: The analysis tool, showing the tension space for the
personal and family worldviews of Fanny from S&S, with the
starting world highlighted with a pink dot and three available
actions highlighted using three different coloured arrows.
worldview and the actual world (or perceived actual world)
gives a measure of the goal tension for that particular world-
view. Thus, if we calculate the distance of this worldview
to all possible states of the actual world, we get a set of
possible goal tensions which can be true for that worldview,
independent of what actions are actually possible. We call
this the tension space (TS) of the worldview, and is what we
roughly treat as the expressive range of a given worldview.
While useful, we more specifically want to evaluate the
personal and interpersonal tensions which are present within
the model. To do this, we define a two-dimensional tension
space, which consists of one x-axis worldview and one y-axis
worldview. This tension space is built by iterating through
all possible states of the actual world, and plotting the goal
tensions of both worlds using a heatmap1. Thus for any given
state of the actual world, we are at some (x,y) position in
the tension space, where x is the goal distance of the x-axis
worldview to the state of the actual world and y is the same
but for the y-axis worldview. In the heatmap, positions that are
brighter mean that more possible states of the actual world lie
at this position. An example of such a tension space can be
seen in the heatmap in Figure 1. We can use this same analysis
for different worldviews of the same character to get personal
tension spaces, or worldviews of different characters to get
interpersonal tension spaces.
At any position in the tension space, there are certain actions
which will be available for one or more of the possible actual
worlds at that position. Since the actions will change this
state of the actual world to a new one, an action can be
thought of as a movement in the tension space, from one
position to the other. Given that the overarching goal of each
character is to have the distance of all worldviews to the actual
world be zero, we can say that any movement towards the
zero position on an axis in the plot is harmonious for that
axis’ worldview, and any movement away is conflicting. An
1In actuality we perform several optimizations to better accommodate larger
worlds, since the number of possible worlds grows exponentially with size
and range.
Wx Wy
1 ⊥ C
2 C C
3 C ⊥
4 C H
5 ⊥ H
6 H H
7 H ⊥
8 H C
9 ⊥ ⊥
Fig. 2: Diagram showing the eight movements that two worlds,
Wx and Wy can move in, and a chart showing the results for
each world (C = Conflict, H = Harmony, ⊥ = “don’t care”). In
the remainder of this paper we will refer to movements using
the legend on the right (e.g. a 2 movement relates to a conflict
for both worlds.)
action which causes no movement in an axis, indicates that
for that worldview, all affected truth values must be “don’t
care”. From this, we can classify all possible movements in
the tension space according to their affect on the x and y-axis
worlds. This classification is shown in Figure 2, and in the
remainder of the paper when we refer to eg. a 6 movement
we a refering to the labelling in this figure. Notably, when
considering the foundational functionality, only movements 6,
7 and 8 make sense as possible action choices for the x-axis
worldview, whereas movements 4, 5 and 6 are similar for the
y-axis worldview.
Note that the tension space does not represent the actual
space available to the interactor. Only a subset of the tension
space may be reached through actions, and often the accessible
portion of the tension space is radically smaller. From an
authoring perspective, the intent of the tension space is to
assist in the design of new actions, showing which areas are
possibly accessible, and allowing the author to visualize the
impact of an action on a given set of worldviews in terms
of its movement. Figure 1 shows a complete example of a
tension space with available movements from S&S with the
starting world selected (the magenta dot) and the three arrows
showing the possible movements occurring from the three
possible actions.
Tension space also provides useful feedback for authors
when trying to predict the behaviour of the system, in that
certain tension spaces better afford certain movements, and
the shape of this space thus defines a high-level relation
between worlds. As an example, a tension space that is
roughly diagonal in the direction of the 4 and 8 movements,
implies that most actions in this space will create either a
4 or 8 movement, ie. most actions will harmonize for one
worldview, and conflict for the other. This means that most
actions will cause conflict for at least one world, and thus
we call this shape a strong tension space, as the potential
for conflicts between worldviews is high. Note that this is
not ensured, and in fact all actions in a strong tension space
may actually occur in the 2 or 6 direction. However, without
making any assumptions about the actions, we are merely
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interested in whether there is a much higher potential for
conflicting actions. Conversely, we call a 2 to 6 shaped
tension space a weak tension space, since an action which
is harmonious for one world is generally harmonious for the
other. Examples of both such spaces are shown in Figure 3 and
explained further in Section V-B. Also important is that the
bounds of the tension space define the limits of cooperation
or conflict between worldviews. Only in cases where the 0,0
position is accessible and reachable through actions can the
two worldviews simultaneously achieve their overarching goal.
Otherwise there is always a diagonal lower bound line along
which only 4 and 8 movements are possible, and thus conflict
for at least one worldview is inevitable. Likewise the diagonal
upper-bound indicates the same but instead for the maximum
tension. The further away the lower-bound is from the bottom-
left, the more the satisfaction of one worldview occurs at the
cost of the other, and is a prominent feature of strong tension
spaces.
The tool likewise allows the ability to visualize a trace of
the system, by drawing the movements taken by each action,
giving a sequence of movements that goes from the starting
position to some ending position. Though not explored in this
paper, future work aims to investigate if the shapes of these
movements relates to particular structures of stories.
B. Subject and Subjectivity Analysis
In considering the evaluation of tension space and move-
ment analysis within an actual context, we here evaluate a
work created in the system, Subject and Subjectivity. The
work was created before tension space analysis or even the
formalization of the model, but nonetheless was designed in
such a way to realize a set of strict design goals surrounding
personal tension. Although we authored the game ourselves, it
is nonetheless valuable to investigate if through this new form
of analysis we can visually see these design goals through
tension space shape and action movement.
Subject and Subjectivity (S&S) is a conversational puzzle
game designed using the possible worlds model. Designed
as a loosely Jane Austen inspired matchmaking game, the
interactor is tasked with matching each of their three friends
with a bachelor, balancing the friend’s personal interests and
family and societal obligations. Systemically, the narrative
model has a true/false range (0, 1), three characters: [Fanny,
Jane, Elizabeth], three themes: [personal, family, society], and
four propositions per character (for 12 in total): are they
[matched] and is the character paired with someone who is
[wealthy, ambitious, and religious]. There are three actions
for each character to match that character with a bachelor,
which sets the matched value to true and the remaining three
propositions are set to the values of that bachelor (ie. are they
weatlhy, ambitious or religious). There is further one action per
character to unmatch with a bachelor and return to the starting
state. Thus matching a character with a bachelor means that
their particular set of propositions in the actual worlds will
now match that of the bachelor. The puzzle of the game is that
only one bachelor per character is ideal for reducing the overall
goal tension, and the player must discover which bachelor this
is while only having limited information about each character
worldviews through conversation.
S&S is interesting to analyze mainly because, given that
it was intended as a puzzle, it had clearly defined design
goals, three for worldviews and four for bachelors. The three
worldview design goals were:
1) Each character has two worldviews with different truth
values, the choice of the two worldviews is different for
each character.
2) Each character has two worldviews with similar truth
values, the choice of the two worldviews is different for
each character.
3) Generally, ideals should be as different as possible for
each character to make each character feel different
The bachelor (action) design goals were:
1) One bachelor is “ideal” and reduces overall goal tension
more than the other two bachelors (practically, this is -5,
vs. -3 for the other two).
2) The ideal bachelor reduces goal tension to zero for one
worldview.
3) One non-ideal bachelor also reduces goal tension to zero
for a different worldview, as a “red herring”.
4) The remaining bachelor is an equal reduction in goal
tension to the second bachelor.
Note that the arrangement of ideal/red herring/other bachelor
is different for each character. No character cares about other
character’s bachelors, thus conflicts are only personal and not
interpersonal. The final values were selected using a brute
force check of all possible game models, and a summary of
the resulting model of character and bachelor values is shown
in Figure 4.
In this experiment, we’ll try to discover the worldview
restrictions using tension space analysis, and the bachelor
restrictions through movement analysis. Considering first the
worldviews, Figure 3 shows all possible internal tension spaces
for all three characters. Since characters do not use “don’t
care” values for their personal bachelors, all possible move-
ment is diagonal giving the tension spaces a “checkerboard”
look. This is because without “don’t cares”, it is impossible
for the 1, 3, 5, 7 or 9 movements to occur, so the only
remaining movements possible are 2, 4, 6 or 8 regardless of the
structure of the action. Note also that the space is diagonally
symmetric, meaning that the shape TS for two worlds is the
same regardless of which world is the x or y axis (this is
not always the case). Further, if the same world is used for
both axes, the result is always the weakest possible TS since
a world cannot conflict and harmonize with itself at the same
time so only 4,8 movements are possible.
Considering the first worldview design goal, we expect to
find a strong tension space for each character for a different
set of two worldviews. This is notably the case in the fam-
ily/society TS for Fanny, the personal/society TS for Jane,
and the personal/family TS for Elizabeth. The second goal is
similarly noted in the weak tension spaces of personal/society
of Fanny, personal/family for Jane family/society for Eliza-
beth. The third design goal, interestingly, cannot be evaluated
using the base model, as this would be revealed through
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Pers. Fam. Soc.
Pers.
Fam.
Soc.
(a) Fanny
Pers. Fam. Soc.
Pers.
Fam.
Soc.
(b) Jane
Pers. Fam. Soc.
Pers.
Fam.
Soc.
(c) Elizabeth
Fig. 3: Tension space for each character’s internal worldviews in the game Subject and Subjectivity. Pers., Fam. and Soc. refer
to the Personal, Family and Society themes respectively
Character Theme Wealth Faith Ambition
Fanny
Personal T T F
Family F T T
Society T F F
Jane
Personal F F T
Family T F T
Society T T F
Elizabeth
Personal T F T
Family F T F
Society F T T
(a) The character’s internal worldviews.
Bachelor Wealth Faith Ambition
William (Fanny) T T F
Frederick (Jane) T F T
Charles (Elizabeth) F T T
(b) The bachelor’s effects on the actual world. The best match for
each bachelor is shown in brackets.
Fig. 4: The character and bachelor models used in S&S.
interpersonal tensions, but since each character has “don’t
care” for each other’s bachelors, no tension spaces exist.
Pers./Fam. Fam./Soc. Soc./Pers.
Fanny
Jane
Elizabeth
Fig. 5: Bachelor movements for the main three tension spaces.
To evaluate the bachelor movement goals, we first look
at the three main sets of worldviews: personal/family, fam-
ily/society and society/personal, and plot the movements from
the starting state according to each of the three bachelors.
The results are shown in Figure 5, with each arrow being
labelled and coloured according to action (both bachelors are
listed in cases of overlapping movements). Interestingly, as
with the tension spaces all three characters are essentially
permutations on the same structure, which makes sense as
the design goals essentially revolve around creating one type
of character. Considering the first action design goal, the ideal
bachelor in each case is always a viable 6 movement, and in
the weak tension spaces is always the most ideal action. For
the second design goal, we can see in the weak tension space
that the movement always ends up at zero in one axis, and
same with the “diamond” shaped axis. For the third design
goal, the “red herring” character is always an 8 movement
in the strong conflict space, and a 4 movement in the weak
conflict space. There is only one tension space, the “diamond”
shaped one, in which the red herring character has a doubly
harmonious 6 movement, whereas the ideal bachelor has a
similarly harmonious movement in equal magnitude. Likewise,
we can see the axis along which the red herring character
reaches zero in diamond and strong tension spaces. Lastly, the
remaining bachelor always has a 6 movement, but always ever
with magnitude 1, thus never having the dramatic goal tension
reduction of the other two bachelors. Though not immediately
obvious, calculating the precise overall goal reduction of each
bachelor to check design goals one and four is also possible,
by adding together the vectors of each movement, which gives
a [-5, -5] movement for the ideal bachelor, and a [-3, -3]
movement for the remaining two.
The analysis here was a positive result, being able to find
patterns even for the very specific design goals outlined for
the puzzle. In general, most analysis will likely be higher
level, looking to detect general tensions which exist or the
overall impact of actions, but as we’ve seen here with a
strong understanding of the properties of tension space and
movement, deep design patterns start to emerge. Further, by
performing such an analysis we can open up directions for
future work, such as trying to detect certain higher-level
patterns, or even analyzing a given model to say which design
goals it embodies.
VI. TENSION GRAPH SKETCHING
Tension space analysis suggests one potential direction for
authorship, which focuses first on defining the tension space
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(a) Sketch to define the tension space
between the personal/family worldviews.
(b) Sketch to define the tension space
between the society/family worldviews.
(c) Three sketches, for each action, in the
personal/family tension space.
Fig. 6: Screenshots of the three major steps in sketching the character Fanny from S&S, using five sketches total. Figures 6a
and 6b are both sketches of the worldviews, while Figure 6c is an action sketch with each of the three sketches coloured for
comparison purposes to the actions we are trying to replicate (which may be seen in Figure 5). Colors here, as with analysis,
do not influence generation but can be used to differentiate different sketches.
through character worldviews, and then defining the intended
movements through this space with actions. Further, if we
ignore any particular classification of propositions or actions in
advance, it is possible to author an emergent narrative specif-
ically through the creation of tension spaces and movements,
and then fitting a context onto this structure. This is an inverted
approach to traditional EN authorship, which often starts with
a concept or genre of narrative that is de-constructed into
actions and characters.
In this section, we experiment with the possibility of using a
sketch-based approach to authoring, where an author is able to
“draw” tension spaces and movements that result in the com-
plete foundational model of narrative presented in Section IV.
This approach focuses on conflict design, constructing the
desired ways in which characters will harmonize or conflict,
and the way they are able to move about the space. Our goal
in this is to demonstrate the practical potential of such an
approach, using a sketch-based metaphor for designing tension
spaces and actions. As an evaluation, we return to our previous
section’s analysis of S&S, although this time we aim to see if
we can recreate the character structure from above, and how
many of the original design goals are met. At this stage, the
sketch tool works only with true/false ranges, however it is
fairly straightforward future work to extend the approach to
larger ranges.
A. The Sketch Interface
The sketch interface works upon two basic principles. First,
we can treat any sketch in a grid layout as a sequence
of movements, with each movement being one of the nine
movements shown in Figure 2. We define a unit movement
as a movement in one of the directions from 2 (excluding
movement 9 as it involves no movement), which occurs when
only one value in the actual world is changed. An action which
changes multiple world values can therefore be deconstructed
into a set of unit movements, one for each truth value affected.
For example in S&S, matching with a bachelor affects four
truth values, which means this action can be decomposed into
four discrete unit movements. Thus, even complex actions such
as the bachelor matching actions in S&S can be decomposed
into a set of unit movements, one for each truth value, that
result in the larger movement of the action. Second, each
movement defines a relation between the worldviews, and so
long as the truth values respect this relation, we can assign
them to the worldviews. For example, an 8 movement is
caused by a harmony in the x-axis world and a conflict in the
y-axis world. This implies that the x-axis and y-axis world
must have different values, and further that there exists an
action which modifies this truth value in such a way that it
moves closer towards the x-axis world’s truth value and further
from the y-axis’ value. Considering a true/false range, we have
two equivalent options, either x is true, y is false and there
is an action moving a truth value from false to true, or vice
versa where x is false, y is true and there is an action moving
a truth value from true to false. Both of these possibilities
are structurally equivalent, thus allowing a variety of ways to
realize a given sketch.
From this perspective, given any sketch drawn within a grid
(we use the same heatmap layout as the analysis tool), we can
fit the sketch to either worldview truth values or actions. We
thus define fitting as taking a sketch of either worldviews or
actions, and attempting to create or modify a worldview/action
to “fit” the unit movement decomposition of that sketch. The
basic fitting process consists of (1) having the user make a
sketch in the form of a series of large movements, which
are (2) decomposed into a set of unit movements that are (3)
fit either to worldviews or to an action. To fit worldviews
we simply iterate through all unit movements, look at the
relation between worlds implied by the movement, and then
randomly fit a set of possible values which obey said relation.
For actions, we treat each large movement as an action, and
treat each of the decomposed unit movements as one truth
value modified by the action.
For our sketch-tool we treat the fitting of worldviews and
actions separately, meaning an author first has to sketch the
tension space, and can then sketch to create actions. There
are two reasons for this split. First, when fitting worldviews
and actions at the same time, the tension space will closely
resemble the actions created; however in many cases, such as
S&S, the actual shape of the tension space is very different
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than that of the actions. Second, and more importantly, the
starting position of an action is important. Essentially, an
action starts at some state of the actual world and causes
changes to it. By having a fully defined tension space, we
can find a possible actual world at the start of the action, and
use that to set the preconditions for the action, and this allows
us to treat an action sketch as a desirable trace of the system.
This is especially useful in defining actions starting from the
intended starting state of the actual world in the narrative. The
sketch process for both fitting procedures is always the same,
with the author drawing lines that link together nodes in the
grid with an edge, which gets stored as a movement and a
unit decomposition. The tool then attempts to fit the sketch as
appropriate.
The worldview fitting procedure supports partially defined
worldviews. Essentially, if some values are defined in one
or both of the worlds, then the system will treat these as
restrictions upon the possible movements for any defined truth
values. For example, if an x-axis worldview truth value is
defined as true, then the y-axis worldview must be true if
having a matching relation, or false for differing, and further
that any movements that require the x-axis to be “don’t
care” (1,5 and 9) are impossible for this truth value. This is
especially useful if we have a defined worldview, and want
to fit a second worldview in relation to it, as we will do in
Section VI-B.
Failures occur when one or more of the unit movements
made in the sketch cannot be fit to either a worldview or action,
thus it is not possible to perfectly fit the sketch. During each
stage, these failures are handled differently. At the worldview
fitting stage, the sketch tool attempts to fit as many of the
unit movements of the sketch as possible, ignoring those that
cannot be fit. For actions, since we treat the sketch as a trace
for the system, we attempt to fit the movements sequentially,
keeping track of the updated state of the actual world, and if
one action fails we stop and do not fit any further movements
(these failures are labelled in red for the author).
Algorithm 5 Fit Sketch As Tension Space
1: function FITTS(Sketch s, World wx, World wy)
2: for each Edge e ∈ s.E do
3: a← Assigned proposition for each movement
4: for i ← 1 to |e.M | do
5: a[i] = Best fit of e.M [i]
6: if all movements assigned then
7: for i ← 1 to |e.M | do
8: Fit wx.V [a[i]] and wy.V [a[i]] with e.M [1]
Technically, a sketch s is defined simply as s = 〈E〉, where
E is a set of edges. An edge e is a line segment connecting two
nodes in the grid and is defined as e = 〈ns, ne,M〉 where ns is
the start node, ne is the end node, and M is a decomposition
of the edge into a set of unit movements. Decomposition is
done by taking the slope between ns and ne and then selecting
one possible set of movements which results in the change of
distance indicated by the slope.
Given some sketch, s, the fitting procedure consists of
fitting each movement of each edge to a proposition in the
worldview, but the way this fitting works depends on the stage.
For the tension space sketching phase, Algorithm 5 shows the
steps in fitting the sketch to the tension space. The algorithm
essentially proceeds through all edge movements and assigns
them iteratively. If each edge movement can be mapped to
one proposition, then the two worldview’s proposition will
be assigned a truth value based upon relation defined by the
movement.
For the second stage, in which we fit each edge to an action,
we first attempt to find a possible world state at the start of
the sketch, and return a failure if none is found. From this
starting world state, we attempt to find a sequence of actions
to reach the subsequent end nodes of each edge using the A*
search algorithm. Essentially, from our starting state, each of
the propositions can be one possible unit movement, so we can
treat this as our total possible set of movements for that action,
and search from there, using the Manhattan distance between
nodes as our heuristic score. If we reach the end node, then
we take the list of movements we used to get to the node,
and which propositions they correspond to, and then generate
an action which has those movements as the precondition and
their changes as the postcondition. We then apply this action
to the world we started at, and use this new starting world as
the start for our next action, thus meaning that each action is
possible at the node it starts at in the sketch, and making it
possible that this sketch be a trace in the resulting model. The
A* algorithm is used for action fitting since there a multiple
ways to realize a given movement in the tension space, and we
ideally want the optimal route and to avoid cyclical movements
wherever possible. We do not provide pseudocode here since
the A* algorithm is fairly well known and our modifications
to it are not significant.
B. Character Design
At this stage of development, we are interested in proving
that the sketch approach is able to generate both tension spaces
and actions that fit the intent of the author. Returning again
to S&S, and looking at both the goals it had as well as the
results we had through analysis, we wish to evaluate if it is
possible to recreate the same character structure and actions
using the sketch tool. We specifically look at the recreation
of a single character, namely the character “Fanny”, as each
character is structurally the same. To use the sketching tool, the
only parameters the author needs to provide is the number of
characters, themes and propositions, and optionally label them
if desired. For this experiment, we label the one character,
Fanny, and the three themes as personal, society and family,
since we aim to recreate her particular arrangement of tension
spaces. We leave the four propositions unlabelled since we
do not know yet how the values will be fit. The character
sketching takes three steps, with five total sketches, which are
shown in Figure 6. In Figure 6a, we use one sketch to recreate
the personal/family tension space of Fanny, which roughly
takes the shape of a diamond. Notably, the sketch will only fit
the first four movements of the sketch, but this still gives us the
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Char. Theme Prop. 1 Prop. 2 Prop. 3 Prop. 4
Fanny
Personal F T T F
Family F T F T
Society F F T F
(a) The resulting worldviews for the sketch generated version of
Fanny from S&S.
Bachelor Prop. 1 Prop. 2 Prop. 3 Prop. 4
Action 1 (Best) F T T (F)
Action 2 F (F) (F) (F)
Action 3 F T (F) T
(b) The resulting values representing each bachelor. Technically the
action postcondition. Parenthesis indicate that the action did not
modify this value, thus it will remain the same as the actual world.
Prop. 1 Prop. 2 Prop. 3 Prop. 4
T F F F
(c) The world from which all actions were generated, which we treat
as the starting actual world.
Pers. x Fam. Fam. x Soc. Soc. x Pers.
(d) The three main tension spaces and actions for the character, with
different actions highlighted and labelled.
Fig. 7: The generated character using the sketch approach.
Shown is the character worldviews, actions (bachelors) and
three main tension spaces. S&S.
shape we want. Interestingly in these first two steps, there are
technically only four movements, since there any inverse set
of movements (eg. 4 and 8) can refer to the same proposition,
so it is possible to fit eg. the first sketch with only the top half
sketched. In Figure 6b, we complete the society worldview by
sketching the society/family worldview, which takes the shape
of a strong conflict space. Here, only the society worldview
needs to be defined, so we define it in relation to one of the
worldviews created in the first step. Lastly, we draw three
sketches, one for each bachelor, recreating the movements
from Figure 1. We here also set the actual world to be the
starting world of these actions, since this too must match the
original character (this can be done automatically as part of
the action sketching procedure). The sketch tool will always
show the current state of the tension space during sketching
as visual feedback, and when drawing actions each movement
must lie somewhere within this tension space, since those are
the only positions accessible between these worldviews.
The resulting character is shown in Figure 7. We can now
attempt to assign each of the propositions to one of the
propositions in S&S. Considering first the matched value, in
S&S this value starts out as false, and each worldview wants
it to be true, and further matching with any bachelor sets this
value to be true. This pattern structurally exists, but in reverse,
for proposition one. In the starting world, this value is true, and
is false for all ideal worlds and false for each bachelor. Thus
we could either reverse the values, or label the proposition as
not matched and the result is the same. The remaining three
propositions must represent some permutation of the wealth,
faith and ambition propositions of the previous characters. In
terms of these propositions, if we map proposition 2 to Faith,
3 to Wealth, and 4 to Ambition then the propositions perfectly
match those of the original character.
Considering then the actions (bachelors). The bachelors, do
not perfectly match the original values but provide the same
functionality as the previous set of bachelors, with action
1 being the ideal character, action 3 being the red herring
character, and action 2 being the remaining character. As noted
in Figure7d, the tension spaces and movements even match
those of 5. Since the sketches only fit movements as needed,
a number of the pre/post-conditions are set to “don’t care”,
since matching with that bachelor will not change the value of
the actual world. This provides no difference in functionality,
and is due to the optimal path found during the A* pathfinding
fit of the movements.
This is a promising result, indicating that having a solid
understanding of tension space and movement allows for the
creation of a character with a strong set of design require-
ments. The character was additionally only created in around
a minute with only five sketches, as opposed to the brute force
approach of the original work. The tool additionally allows the
option to “refit” the sketch and attempt to generate different
results, which may be used during the tension phase sketching
process to create various characters with matching structures.
Considering re-implementing the full functionality of S&S,
this is still likely outside the functionality of the tool, since
with this approach if we made all three characters, it would
similarly create three new bachelor actions each time, resulting
in nine total actions. Exploring ways to achieve similar results,
such as fitting tension spaces according to existing actions, is
an interesting direction for future work.
There is an additional property to consider with the sketch
tool. While we technically sketched two tension spaces to cre-
ate this character, the third tension space occurs as a result of
the first two and has no influence by the author. Further, there
will always be one such space whenever dealing with an odd
number of worldviews. In this example, the society/personal
TS resulted from the personal worldview being created in the
first step and the society worldview in the second. Although
not an issue in this example, there are actually multiple shapes
the resulting third tension space can take, based on the way
the first two sketches are fit. Alternate ways to draw this
character, such as drawing the personal/family TS followed
instead by the society/personal TS can actually create another
weak tension space for the family/society TS or a strong one,
depending on the order the sketch is drawn in. In future,
allowing access to changing the order in which sketches are
fit would actually give more authorial control over the final
space, but in general this will only be an issue when trying to
perfectly fit a set of tension spaces, as we are doing here.
VII. CONCLUSIONS AND FUTURE WORK
Emergent narratives are a rich area of exploration into
expressive means for creating and experiencing interactive
TRANSACTIONS ON GAMES 13
narrative works with complex characters. Nonetheless the
creation of EN works needs to be treated through a variety
of lenses, not just in the authoring of content and systems,
but also in the analysis and authoring support to help better
understand the behaviour of the EN work during simulation.
This analysis can apply to any number of intended results,
but here we focused on analysing the foundational system
according to its core properties of conflict and tension. We
further showed as a proof-of-concept that it is possible to
embrace the same approaches used for analysis to create
new paths for authorship that focus first on the structural
properties and behaviour of the EN work. These approaches
lie outside any measure of narrative “quality”, or qualitative
judgement of the EN work, but rather are intended to assist in
understanding the technical and formal properties of a highly
complex systemic work.
The foundational approach of this paper leaves each section
open to further potential developments and properties. The PW
system itself is still in active development, and already was
significantly extended with dialogue and memory for S&S,
and is further actively being developed with interpersonal and
knowledge properties to support further emergent character
behaviour. The simplicity of our model, while still capable of
interesting works, is still limited in several ways. For example,
by only using one overall goal, characters are unable to adopt
subgoals, or use any form of planning, and thus may avoid
potential traces that lead to more ideal outcomes if one or
more of those actions appear conflicting at the time. Intents
may be explored by adding a lookahead, where a character
simulates the outcomes of one or more steps of certain actions
and selects the optimal one as a goal, however this approach
is still in development.
Further without detailed models of belief manipulation
and reasoning about other characters, we are incapable of
modelling elements of deception and manipulation that are
important to creating believable characters. This is currently
ongoing work and is further leading to the development of a
model of interpersonal character relationships. In this model,
relationships are based upon memory, and remembering which
actions characters took and how the helped/hindered other
character’s overarching goals. In this sense, characters who
help others may find the other characters taking actions that
help them (even to the detriment of that character), and vice
versa.
Another direction for improvement is better incorporation
of the player. In this paper, we focused namely on characters,
however there is a great potential in this analysis for looking
at player behaviour. In this system, a player may take the role
of an existing character, be an empty “shell” with no particular
model, or even be able to define their own character. These
would require different tools to better analyze the player’s
role in the narrative. One step towards this is the playthrough
potential of the tool, which saves a playthrough of the work
as a trace, that can be shown as a path on the tension space
in the analysis tool. This can be used to display multiple
player paths, either from existing playthroughs or even from
simulated players, and give a better sense of the actual space
available to the player, whereas we currently just look at the
total possible space. The playthrough method can also be used
to explore other aspects of the system, such as different action
selection procedures and how they change the narratives which
may occur.
Tension space analysis, in its reduction of an emergent
narrative to an abstract space and movements, can be further
expanded with coverage and reachability properties. The tool
and in particular the sketch interface, are approached in this
paper as proof-of-concept to show that such authoring capabil-
ities are possible, but nonetheless identifying the role such a
tool can play, be it as a declarative approach to authoring, or a
more exploratory/brainstorming tool in the vein of the “casual
creator”, could further its development in different directions.
Scalability, as previously mentioned, is an ongoing concern,
and at higher levels the tension space analysis will likely
become more abstract, such as noting which spaces are
strong/weak tension spaces, rather than rendering the complete
tension space as is currently done. While a significant amount
of work has been dedicated to optimization, scalability and
ease of use must be considered with each new feature added
to the system, and is certainly one of the limitations of this
analysis. We plan on addressing scalability in a number of
ways. First, we limit our analysis to well-defined components
of narrative, in this case tension and conflict, rather than
attempting to provide an exhaustive list of narrative properties.
Second, limiting analysis towards a subset of the propositions
in the world also provides a more fine-grained way and
allows information to be processed sequentially. Third, we are
working towards being able to automatically extract high level
structures and patterns in the tension space that relate to certain
narrative features [17]. Authors could thus gain information
about the patterns available in the space without the need to
fully comprehend the visualization itself.
The speed and ease of creating EN content at present, how-
ever remains a promising result which could be expanded with
better control over the behaviour of generation to give more
customizable results, such as controlling which propositions
to generate for, or optimizing actions for certain movements.
Through this expansion and development, we hope to discover
new ways of both understanding and creating, new paths for
emergent narrative creation.
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